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EMPIRICAL EVIDENCE ON THE GEOGRAPHIC AND INDUSTRIAL 

DISTRIBUTION OF AEROSPACE EXPENDITURES 

By Robert A. B o h d  

- - I Int roduct ion 

L i t t l e  de ta i led  information i s  cur ren t ly  ava i lab le  on the economic 

ef fects  o f  the vast subcontracting expenditures generated by the United States 

aerospace program. One possible explanation f o r  t h i s  s ta te  of a f f a i r s  i s  

sure ly  the lack o f  r e l i a b l e  data on the geographic and especia l ly  the indus- 

t r i a l  d i s t r i b u t i o n  o f  such expenditures. I n  contrast t o  the f a i r l y  complete 

d i s t r i b u t i o n a l  data avai lab le f o r  prime contract  expenditures, only l im i ted  

amounts o f  incomplete and h igh ly  aggregative geographic data are to be had 

w i t h  respect t o  subcontract expenditures. - /2 

I t  seems reasonable t o  expect tha t  l i t t l e  o f  value can be said w i t h  

regard t o  the income and employment e f fec ts  o f  subcontract expenditures unless 

the industr ies and regions af fected can be ident i f ied,  f o r  any hypothesis o f  

p red ic t i ve  content i n  these former areas must invar iab ly  be based on e i the r  

strong empir ical  evidence and/or assumptions about the l a t t e r .  I n  addi t ion,  .. 
The author wishes to acknowledge the continuing encouragement and guidance 

afforded h i m  wh i le  w r i t i n g  t h i s  paper by h i s  advisor, Dr.  Murray L. Weidenbaum. 
Thanks are a l so  i n  order f o r  he lpfu l  suggestions t o  the s t a f f  o f  the Dept. o f  
Economics, Washington Univers i ty  and i n  pa r t i cu la r  Dr .  Werner Hochwald. Last, 
but  by no means least, the assistance o f  Mr. John Bickers, McDonnell A i r c ra f t  
Corporation; Mr. A lber t  Shapero, Stanford Research Ins t i t u te ;  Mr.  Michel 
Andrieu, Washington Univers i ty  i s  g r a t e f u l l y  acknowledged. 

- 12 

10-2, 10-3, 10-4, 10-5. 

See for example, NASA Annual Procurement Report-Fiscal Year 1964, National 
Aeronautics and Space Administration, Washington, D. C., 1964, pp. 4-14, 4-15, 
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due t o  the large number of do l la rs  t y p i c a l l y  involved in  aerospace subcon- 

t ract fng,  the influence of these expenditures on the prosper i ty  o f  subcon- 

t r a c t i n g  industr ies and regions must be considered. I n t e l l i g e n t  and e f f i c i e n t  

po l i cy  therefore, requires accurate knowledge o f  the i ndus t r i a l  and geographic 

d i s t r i bu t i ons  of  these expenditures. 

This paper i n i t i a l l y  concentrates on specifying both the locat lonel  

subcontracting pat tern and the  in ter indust ry  requirements of  a s ing le  large 

aerospace project. 

tan t  features not generally present i n  m s t  s t a t i s t i c s  cur ren t ly  ava i lab le  

on aerospace subcontract expenditures. 

are included,thus i so la t i ng  for study the primary subcontract demands o f  the 

pro jec t  on the economy. Second, the data are f ree o f  any possible e r ro rs  

due t o  aggregatton found i n  mul t ipro ject  data. 

The data obtained from t h i s  invest igat ion have two impor- 

F i r s t ,  only f i r s t  t i e r  subcontracts 

The second major ob jec t ive  of t h i s  paper i s  t o  u t i l i z e  the data developed 

i n  the f i r s t  par t  t o  tes t  several hypotheses. An important po int  of concen- 

t r a t i o n  i n  t h i s  sect ion i s  the  p o s s i b i l i t y  o f  predic t ing subcontract locat ion 

when the locat ion o f  the prime contractor i s  known. Before tu rn ing  t o  these 

matters,however, a b r i e f  discussion o f  the o r i g i n  and method o f  r e f i n i n g  the 

data on which t h i s  study Is based w i l l  be useful. 



? 

The Gemini Data 

-3- 

The data used i n  t h i s  paper are derived from the subcontract expenditures 

o f  the National Aeronautics and Space Administrat ion's Gemini project. The 

prime contract f o r  t h i s  space capsule program was awarded t o  the McDonnell 

A i r c r a f t  Corporation, S t .  Louis, Missouri l a t e  I n  December, 1961. L2 The 

data covers a period s t a r t i n g  a t  that  date and ending March 1, 1965. 

period o f  analysis i s  therefore approximately th i r t y -n ine  months. 

The 

It should 

be emphasized immediately that  these data do not represent subcontract o b l i -  

gations or awards, but actual  expenditures o r  payments by HcDonnell t o  i t s  

f i r s t  t i e r  subcontractors. - I 4  Actual payments t o  a subcontractor t yp i ca l  l y  

lag somewhat behind the award i n  much the same manner as actual  de l ivery  o f  

ordered mater ia l  lags behind the obl igat ion t o  del iver.  The data are there- 

fo re  a sample o f  the eventual subcontract d i s t r i b u t i o n  tha t  w i l l  emerge only 

when payments t o  subcontractors catch up w i t h  procurement obl igations. 

Considerable refinement was necessary before the o r i g i n a l  expenditure 

data 

been ca re fu l l y  c lass i f i ed  by state and industry. A plant rather than a f i r m  

provided by McDonnell were usable f o r  analysis. Each subcontractor has 

approach was adopted i n  order t o  pinpoint actual  geographic points o f  subcon- 

t r a c t  production (i.e. p lants ) rather than a mul t ip lan t  f i rm's  home o f f i c e  

19 LL McDonnell A i r c r a f t  Corporat ion-1964 Annual Report, McDonnell A i r c ra f t  
Corporation, S t .  Louis, Missourl, June 1964, p. 7. 

A complete discussion o f  expenditure versus ob l iqa t ion  impact Is found 
/4 - 
in  Murray- L. Weidenbaum, "The Economic Impact of  the-Government Spending 
Process", Business Review, The Universi ty o f  Houston, Houston, Texas, Spring, 
1961, pp. 1-47. 
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where no actual  work wds tak ing place. 

t o  count as more than one observation i n  the f i n a l  data i f, f o r  example, 

This procedure allows s ing le  f i r m s  

produced a t  a De t ro i t  p lant  and a f i rm's  sub-contract c a l l s  for bat ter ies 

generators a t  a Texas plant, 

The Standard Indus t r i a l  Code was emp 

industry. Poors Register of Corporations 

oyed t o  group subcontractors by 

- and Fortune's Plant and Product 

Di rectory  were used where possible; however, i n  many cases comparison o f  

McDonnell procurement descriptions and Bureau o f  the Budget S I C  de f in i t ions  

was the only method o f  c lass i f i ca t i on  open. 

made refinement t o  a degree greater than three d i g i t  lndustr les unfeasible. 

This somewhat crude procedure 

Subcontract expenditures forGemini amounted t o  approximately eighty-two 

m i l l i o n  do l l a rs  dur ing the period under investigation, It should be noted, 

however, tha t  t h i s  f i gu re  represents payments t o  major subcontractors which 

are defined as those receiv ing more than one thousand Gemini do l l a rs  dur ing 

the t i m e  period. Subcontractors tha t  received less than one thousand do l l a rs  

were discarded as i ns ign i f i can t  and payments t o  them were not included i n  the 

data. 

Manufacturing and service industry subcontractors accounted for more 

The 305 than e ighty  percent o f  the elghty-two m i l l i o n  t o t a l  expenditure. 

observations i n  these categories were d i s t r i bu ted  among twenty-nine states 

/ 6  and forty- two industries. - 
i s  p r imar i l y  concerned, 

I t i s  w i t h  these subcontracts tha t  t h i s  paper 

The t o t a l  d o l l a r  amount discarded was a l so  ins ign i f i can t .  LT 

- I6 One subcontractor i s  located i n  Canada, 



- -4- - 1 1 1  The Impact of Gemini Expenditure on the Economy 

The purpose of t h i s  section i s  mainly descript ive. I n  t h i s  respect 

the data are merely being allowed t o  speak for themselves before any more 

s ign i f icant  analysis i s  undertaken, 

however, i n  order t o  c lear ly  depict the more obvious implications o f  the 

demands the Gemini project  makes on the economy. 

a) The In ter indust ry  Gemini Product ion Function 

Such an inductive procedure i s  j u s t i f i e d ,  

As already mentioned, the primary focus of t h i s  study i s  on the manu- 

factur ing and service industr ies receiving large Gemini subcontracts. It 

i s  necessary, therefore, t o  isolate the e f f e c t  o f  Gemini expenditure on manu- 

facturlngand service industr ies from such factors as non-manufacturing sub- 

contract expenditures and primary McDonnell inputs ( 1  .e. value added) added 

t o  goods and services purchased from other firms. It i s  q u i t e  simple to  

el iminate primary inputs from consideration since they are not represented i n  

subcontract data. Besides the f a c t  that  a discussion o f  McDonnell primary 

inputs requires addi t ional  data, however, consideration o f  these inputs neces- 

sitates, i n  addit ion, study of topics which are essent ia l ly  beyond the 

scope of t h i s  paper. This l a t t e r  po int  w i l l  become more evident below. 

Subcontracts o f  a non-manufacturing nature are not ac tua l l y  el iminated from 

t h i s  paper, but a discussion of t h e i r  importance i s  postponed u n t i l  later.  - 17 

I n  d o l l a r  terms, the por t ion of Gemini expenditure remaining f o r  discussion 

here i s  $66,675,614,. 

See section f i v e  below. 
Lz 
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The techniques that are used t o  organize the data and describe the 

Gemini program's in ter indust ry  impact are those o f  elementary input-output 

analysis. - Table one i s  a conceptual i l l u s t r a t i o n  of  a simple input-output 

transactions matrix. Row one, fo r  example, shows the a l l oca t i on  o f  the out- 

put of  industry one t o  industry one (x,,), industry two (x 

(X ,~ ) ,  and f i n a l  demands (Yl ) .  Row t w o  i s  the same f o r  industry two, etc. 

Columns on the other hand d isp lay the input s t ructure o f  an industry. Inputs 

are e i the r  o f  an in ter indust ry  nature (XI,, x21, ---- , x i l )  o r  primary (value 

/ 8  

), industry j 12 

added) inputs (V,, V2, ---- , V j ) .  The rows o f  the transactions matr ix  or 

input-output tab le sum to y i e l d  t o t a l  output (Xl, X2,----Xi). If the trans- 

act ions matr ix  i s  expressed i n  do l la rs  rather than physical un i ts ,  adding 

in te r indus t ry  and primary inputs again resul ts  i n  t o t a l  product o r  output o f  

the system ( X i ,  Xz,----Xj).  

Outlined i n  tab le  one i s  the so-called in te r indus t ry  matrix. In t h i s  

par t  of the input-output tab le  every ent ry  possesses a dual nature. Each 

X i j  expressed i n  do l l a rs  i s  as a row element a sales f i gu re  and as a column 

ent ry  to cost figure. The in ter indust ry  matr ix i s  therefore a complete 

- /8 
On input-output analysis see H. B. Chenery and P. G. Clark, et. al., 

In te r indus t ry  Economics, John Wiley and Sons, New York, 1959; R. Dorfman 
P. Samuelson and R. Solow. Linear Prosrammino and Economic Analysis. McGraw - - 
H i l l  Book Co., New York, 1958, pp. 204-229; W. W. Leontief, "Input Output 
Economics1', Sc ien t i f i c  American, Apr i l ,  1965, pp. 3-9; D 

"The Structure o f  the U.S. Economy", S c i e n t i f i c  American, Ap r i l ,  1965, 
pp. 25-35; P. J. Bourque, Fundamentals of Input-Output Analysis, Univers i ty  
of Washington, undated lecture notes. 

- 
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Table 1 

Sample Transactions Matr ix 

Industry 1 

Industry 2 

Industry 1 

Inputs Inputs Inputs 
Industry I ndus t r y  Industry FI  na 1 

1 2 i Demands 

! y 1  
i 

X 
12 U 

2 j  

X 
11 

X 

X x2 1 x22 

xi 1 x i 2  Xij 

j 

j 

v "i v2 

x1 X2 

Primary Inputs 

Total  Product Y X 

descr ipt ion o f  the in ter indust ry  re la t ions o f  the e n t i r e  system. 

the rows o f  

Each ent ry  

cost f igure  

work the Gemini data may be eas i ly  f i t t e d .  Table t w o  

an in ter indust ry  matrix consist ing o f  one 

s both a sales f igure (of the subcontract 

(of the Gemini program). I n  t h i s  special 

column represents an Input breakdown of Gemini rather 

Total  
output 

o f  
Industr ies 

x 1  

x2 

x i  

V 

X 

Co 1 umn 

and row t o t a l s  of  in ter indust ry  elements represent t o t a l  cost and sales 

respect ively exclusive o f  primary lnputs o r  f i n a l  demands. I n t o  t h i s  frame- 

i s  the equivalent o f  a l l  

column (i.e. a vector). 

ng industry) and a 

case, however, the 

than an e n t i r e  industry 

o r  sector. 

pro ject  level).  

S I C  level, 

It I s  permissible t o  consider every ent ry  i n  tab le  two as a factor  o f  

I n  other words, the column i s  h igh ly  disaggregated (i.e. t o  the 

Rows, however, are disaggregated only t o  the three d i g i t  

production i n  the Gemini production function. This r e l a t i o n  could be 

expressed Gemini = G (x281' - - - 0 )  w i t h  subscripts tndrcatlng the '282' x283 
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Table 2 

Gemini In ter indust ry  Inputs: 
A Pa r t i a l  Gemini Production Function 

S I C  

19 
229 
28 1 
282 
2 83 
285 

.. 289 
306 
307 

- _  322 
323 
327 
329 
33 1 
335 
339 
342 
344 
345 
346 
348 
349 
3 54 
356 
357 
358 
3 59 
36 1 
3 62 
364 
365 
366 
3 67 
369 
37 1 
3 72 
381 
3 82 
3 83 
386 
739 
89 1 

- Descr 1 p t  1 on 

Ordnance and Accessories 
Miscellaneous Tex t i l e  Goods 
Indus t r i a l  Chemicals 
Fibers, Plast I cs and Rubbers 
Drugs, Medicinal Chemicals 
Paints and Varnishes 
Miscellaneous Chemicals 
Fabricated Rubber Products 
Miscellaneous P las t i c  Products 
Glass and Glassware 
Glass Products (made o f  Purchased Glass) 
Concrete, Gypsum, Plaster 
Miscellaneous Non-Metal I f c  Mlneisls 
Steel H i l l s  
Nonferrous Ro l l ing  and Drawing 
Hiscellaneous Primary Metals 
Hand Tools, Hardware 
Fabrlcated Structual  Metal Products 
Screw Machine Products 
Metal Stampings 
Fabricated Wire Products 
Miscellaneous Fabricated Metal Products 
Metal Working Machinery 
Genera 1 1 ndus t r i a 1 Equ 1 p e n t  
Compu t i ng Mach i nes 
Service Machinery 
Miscellaneous Machinery, Machine Shops 
E lec t r i ca l  Transmission & D is t r i bu t i on  Equipment 
Elect r 1 ca 1 1 ndustr i a l  Apparatus 
L ight ing & Wiring Equipment 
Radio & T.V. Receiving Sets 
Ccmmunication Equipment 
E lect ron ic  Components & Accessories 
Miscellaneous E l e c t r i c  Machinery & Supplies 
Motor Vehicles & Equipment 
A i r c r a f t  C Parts 
S c i e n t i f i c  & Labotatory Equipment 
Measuring & Ind ica t ing  Instruments 
Opt ical  Eaulpment & Lens 
Photographi i  Equipment & Suppl res 
Bus i ness Serv i ces (RGD) 
Engineering & Arch i tectura l  Services 

999 Una1 located Manufacturlng 0 Service Subcontracts 
500-600 Nonmanufactur I ng subcontracts 

TOTAL 

Amount 

$ 99,687 
4,538 

56,992 
562 , 542 

7,692 
2,751 

471 8347 
2,174 

65 , 673 
2,080 
5,280 
3,436 

11,750 
36,754 

139,780 
48 , 340 

1 26,458 
75,816 
86,979 
11,707 
72,406 
95,099 

18773 
600,010 

17,681 
.25,955 

6, 703,020 
1 4 s  833,975 

492 , 850 
5,384,203 
3,407, 162 
1,773,143 
2,647,77 1 

41,609 
147 , 657 

11,891,808 
156,581 

1 4,649,256 
56,105 

1,936 
49 , 576 

1 36 , 627 
1,667,635 

1 5 9 374 s 755 

$82,050,369 
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various conlponent Industr ies. 

included i n  the in ter indust ry  matrix nor i n  tab le two, t h i s  production func- 

however, since the p r i m r y  Inputs ran i s  not 

t i o n  i s  not a complete but a p a r t i a l  one. 

are shawn. 

Only in te r indus t ry  requirements 

I n  table three, non-manufacturing inputs are subtracted,and the remainder 

o f  the abbreviated transactions matrix convertcd into a percentage distribution. 

Table three i s  derived by d iv id ing  each manufacturing and service ent ry  i n  

tab le two by the t o t a l  cost (expenditure) o f  manufacturing and service inputs 

on Gemini t o  14arch I ,  1965 (i.e. $66,675,614). These new f igures t e l l  us 

more about the r e l a t i v e  weights of  the manufacturing and service components 

of the production funct ion which could now be w r i t t e n  more e x p l i c i t l y  as 

Gemini = G (.OS X281, .84 X282, .01 X285.0 .e)  where the coef f i c ien ts  are 

the percentages found i n  column one o f  table three. Ls 
Table three provides a complete descr ip t ion o f  Gemini manufacturing and 

service inputs. Industr ies are ranked according t o  the t r  share o f  Gemini 

expenditure do l la rs  i n  order t o  c lear ly  ind icate those most essent ia l  t o  the 

space capsubprogram. It i s  iawpadiateiy apparent fropl these figures tha t  

an extreme dependence on only a few types o f  suppl iers exists.  Eight indus- 

t r i e s  have a greater than one percent share o f  t o t a l  expenditure. These 

represent near ly ninety-two percent o f  that  f igure. 

Although the sever i ty  of concentration may be unanticipated, the indus- 

t r i e s  involved should come as no surpr ise t o  those fam i l i a r  w i t h  aerospace 

pro jects  o f  the Gemini type. Electronics (361, 362, 364, 365, 366, 367, 369), 

L9 These percentages are not t o  be confused w i t h  marginal input coef f ic ients .  
See Chenery and Clark, op. c i t .  Pp. 22-25. Input-Output techniques beyond the 
transactions matr ix  are not included i n  t h i s  paper. -- 
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. Table 3 

sic 

361 
382 
372 
359 
364 
3 65 
367 
366 

- 356 
282 
362 
289 
381 
371 
335 
89 1 
342 
19 
349 
345 
344 
348 
307 
28 1 
383 
739 
339 
369 
33 1 
358 
357 
329 
346 
283 
323 
229 
327 
285 
306 
3 22 
3 86 
3 54 

- 

.- 

SUB 

999 

Gemini inputs Ranked by Percentage 
of Manufacturing and Service Expenditure 

I ndus t ry Descr i pt ions 

Electrical Transmisslon 6 Distribution Equipment 
Instruments, Measuring Controling, indicating 
Aircraft and Parts 
Miscellaneous Machinery, Machine Shops 
Electric Lighting and Wiring Equlpment 
Radio and T.V. Receiving Sets 
Electronic Components & Accessories 
Communication Equipment 
General Industrial Machinery 6. Equipment 
Fibers, Plastics & Rubbers 
Electrical Industrial Apparatus 
Hiscel laneous Chemicals 
Scientific Laboratory Equipment 
Motor Vehicles & Motor Vehicle Equipment 
Non-Ferrous Rolling 5 Drawing 
Engineering I; Architectural 
General Hardware, Hand Tools 
Ordnance & Accessories 
Miscellaneous Fabricated Metal Products 
Screw Machine Products 
Fabricated Structural Metal Products 
Fabricated Wire Products 
Miscellaneous Plastic Products 
Industrial Chemicals 
Optical Equipment 
BUS i ness Serv i ces ( RGD) 
Miscel laneous Primary Metals 
Miscellaneous Electric Machinery, Equipment & Supplies 
Steel Hills 
Service Machinery 
Comput i ng Machinery 
Miscellaneous Non-Metallic Mineral Products 
Meta 1 Stampings 
Drugs, Medicinal Chemicals 
Glass Products Made of Purchased Glass 
Niscellaneour Text i le  Goods 
Concrete Gypsum Plastics 
Paints & Varnishes 
Febt 1 cated Rubber Products 
Glassware & Glass 
Photo Equipment 8 Supplies 
Metal Working Hachinery 

TOTALS 

UNALLOCATED 

# of 
Cum. Obser- 
% vations - % - 

22.25 22.25 
21.97 44.22 
17.84 62.05 

8.08 80.18 
5.11 85.29 

2.66 91.92 

-84 93.67 
.74 94.41 
-71 95.11 
023 95.35 
022 95.57 
-21 95.79 
.20 95.98 
.19 96.17 
.I5 96.32 
.14 96.47 

.11 96.70 

. l o  96.92 

.09 97.00 

.08 97.09 

.07 97.16 

.06 97.30 

10.05 72.11 

3.97 89.26 

.go 92.82 

.13 96.60 

.11 96.82 

007 97.23 

006 97-35 
-04 97.39 
.03 97.42 
DO2 97.43 
002 97.45 
.01 97.46 
001 97.47 
.01 97.48- 
.01 97.48+ 

' f  97.48+ 
* 97.49- 
* 97.49+ 
* 97.50- 
* 97.49+ 

97.49 97.50 -- 
2.50 100.0 

GRAND TOTAL 
*Less than one-twentieth o f  one percent. 

99.99 100.0 -- -- 

18 
23 
28 
10 
5 
8 
25 
8 
7 
2 
10 
10 
4 
6 
10 
2 
4 
2 
6 

1 1  
4 
2 
7 
6 
1 
2 
6 
1 
6 
3 
4 
2 
1 
1 
1 
1 
1 
2 
1 
1 
1 
2 

255 

50 

305 

- 

- 
I 
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A i r c r a f t  and Parts (372), and Measuring nstruments (382) should be expected 

t o  be extremely important in  the Gemini productlon function. - /lo The re la-  

t i v e l y  large share o f  inputs supplied by industry 359, Miscellaneous Machinery 

and Machine Shops (10.05%) may be i n i t i a l l y  perplexing, but a closer look 

w i l l  reveal that  t h i s  f i gu re  too i s  e n t i r e l y  reasonable. I n t o  t h i s  category 

f a l l  establishments that  do work on a j o b  or order basis and those tha t  t u r n  

out such seemingly unsophisticated products as values, coup1 ings, and pis- 

tons. - I n  h igh ly  i n t r i c a t e  aerospace projects,  however, items o f  t h i s  /11 

nature general ly c a l l  f o r  exacting spec i f i ca t ion  and design and such require- 

ments should l o g i c a l l y  exclude mass production methods and r e s u l t  i n  high 

u n i t  costs. 

Further observation o f  table three, per ta in ing mainly to indust r ies 

other than the top ten, points out the greater importance o f  non-ferrous 

metals i n  comparison t o  steel. Also, the rather i n t r i gu ing  grouping o f  four 

fabr icated metal industr ies (349, 445, 344, 348) w i t h  near ly equal shares. 

Finally,note the r e l a t i v e  unimportance o f  the non-metallic minerals and 

/12 re la ted  industr ies (329, 323, 229, 327, 306, 322). - 
- ~- - /10 

See for  example Murray L. Weidenbaum, Measures o f  the Impact o f  Defense 
and Space Programs, Department of Economics, Wer;hiagton Untversity,'blorking 
Paper 6514, S t .  Louis, Missouri, August, 1965, pp. 17-18. 

Standard Indus t r i a l  C lass i f i ca t ion  Manual, U.S. Bureau:&-the Budget; 
/11 
Off  ice of S t a t i s t i c a l  Standards, Washington, D. C. , 1957, p. 105. 

- /12 
A comment w i t h  regard t o  the unallocated category (999) seems i n  order. 

Subcontracts c lass i f i ed  999 were those of so obscure a descr ip t ion that the 
probab l i t y  o f  a c l a s s i f i c a t i o n  error  was in to le rab ly  large. Rather than 
introduce undue e r ro r  i n t o  the data, these subcontracts (usually t o  smaller 
f irms not l i s t e d  i n  one o f  the standard d i rec to r ies )  were relegated t o  the 
specia l  999 category. 
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Table four aggregates the data of  tables two and three i n t o  large 

i ndus t r i a l  groups providing a c lear s u m r y  o f  these descr ip t i ve  paragraphs. 

The dependence of the Gemini program on the Electronics, Measuring Inst ru-  

ments, Machinery, and A i r c r a f t  Industr ies i s  again evident. /13 

on the basis o f  the c lear  break i n  the number o f  observations column between 

Primary Hetals and Other Instrements, i t  seems apparent tha t  the Metals and 

Chemicals Industries, whi le  unimportant dollarwize, have a comparatively 

large number o f  p lants engaged i n  some form of  Gemini production. This f a c t  

may be o f  extreme importance f o r  aerospace studies concerned w i t h  local  and 

regional income and employment mu l t ip l ie rs .  

I n  addi t ion,  

b) A Geographic D is t r i bu t i on  o f  the 
Gemini Product ion Function 

The Gemini produetion funct ion discussed above may be looked a t  as i nd i -  

cat ing e i the r  the production requirements o f  Gemini or the demands f o r  various 

inputs Gemini production places on the economy. I n  the l a t t e r  sense, i t  i s  

c lear  tha t  an a b i l i t y  to  complement our i ndus t r i a l  dimension w i t h  a geographic 

dimension would be extremely advantageous. This i s  especia l ly  so when i t  i s  

reca l led  tha t  a l l  Gemini demands (i.e. subcontract expenditures) o r ig ina te  

a t  a s ing le  location, S t .  Louis, Missouri. Disaggregating the production 
f 

func t ion  by states and regions allows areas of  i ndus t r i a l  impact and concen- 

t r a t i o n  t o  be located geographically. The combination of  these two separate 

- 113 

posed of industry 359 discussed above. 
Note, however, tha t  the machinery category i s  almost exc lus ive ly  com- 
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Table 4 

Major lnteri-ndustry Groups' Percentage of Gemini 
Manufacturing & Service Expenditure 

. .  

- "x LL # of w v a t i o n s  

Electronics 42.87 2 , 858,073 75 

Measuring Instruments 

Aircraft and Parts 

21.97 1 4 , 649,256 23 

17.84 11,891,808 28 

Mach i ne ry , except e 1 ec t r i ca 1 11.02 7 8 346 s 666 26 

Chemi ca 1 s 1.65 1 , 101,324 21 

Fabr i ca ted Me ta 1 s 70 468 , 465 28 

Primary Metals 4 34 224,874 22 

Other Instruments 031 214,622 6 

Serv i ces 27 186,203 4 

Other Transportation Equipment .22 1 47 , 667 6 

Ordnance & Accessot i es IS 99 s 687 2 

Rubber & Plastics .10 67 s 847 8 

Non Metallic Hinerals .04 22,546 5 

1 Miscellaneous Textile Goods - .01 4,538 - 
SUB TOTAL 97 49 65 , 007 , 979 255 - 
UNALLOCATED 2.50 1,663,635 50 

GRAND TOTAL 66 , 675 , 6 1 4 305 - - 99 99 - - 
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dimensions shoUld result ;ti c i w r  impl lcet lons for the general impact of 

aerospace projects an the economy4 

A state-by-state percentegel d t s t r fbu t i on  of the Getntni production funct ion 

i s  presented In  tab le f ive. 

three above and 1s derived i n  a s lmi ia r  manner. 

ferent s ta te  receiv ing Gemini dol lars. Industr ies a re  segregated into 

colums. Each ind iv idual  entry, therefore, indicates the percentage o f  Gemini 

subcontract expenditure going to  the s ta te  and industry found a t  the head of 

i t s  respective row and column. 

thts tab le  i s  tohceptual ly analogous t o  tab le 

Each ro11 represents a d t f -  

The immediate impression received from table f i v e  is that  Geminl expendi- 

tu re  impact i s  concentrated not only i n  a few industr ies, but i n  a very few 

geographic locations as well. Cal i fornia,  the northeast, and the Flor ida 

area seem especial ly wel l  represented i n  the more important Industries. 

F lor ida turns out t o  be an especial ly important cont r ibutor  o f  E lec t r i ca l  

transmi ss ion and D i s  tr 1 but ion  €qui went. 

s ign i f i can t  shares o f  major subcontracting industr ies 382, Measuring and 

Ind ica t ing  Instruments; 372, A i r c r a f t  and Parts; 365, Radio and T.V. Recelving 

Sets; and 359, Miscellaneous Machinery and Machine Shops. 

Ca 1 i fo rn  i a  contr ibutes h igh ly  

Other major contr ibut ions t o  Gemini are found i n  New Jersey industry 

366, Communication Equipment; Michigan and Iowa industry 367, Electronic 

Components and Parts; and Minnesota and Flor ida industry 382, Measuring and 

Ind ica t ing  Instruments. Note, however, that  there are very few extremely 

large ent r ies i n  tab le f ive.  

t h a t  not a s ing le  industry located i n  the Gemini loca l  area (i.e. Missouri 

or I 1  1 inois)  received a one percent share of Gemini do l l a rs  even though a 

la rge number of industr ies in  these two states received small shares. 

Special a t ten t ion  should be drawn t o  the fac t  



Table tj 

A Geographic D is t r ibu t ion  o f  the 

Gemini Production Function i n  Percentages 

A r  i zona 
Ca l i fo rn ia  . I 5  
Co 1 orado 
Connecticut 
De lawa r e  
F lor  i da 
Georg i a 
I l l i n o i s  
Indiana 
Iowa 
Kansas 
Louisiana 
Ma r y 1 and 
Massachusetts 
Michigan 
Minnesota 
M i  ssour i 
New Hamps h i r e  
New Jersey 
New York 
North Carolina 
Ohio 
Oklahoma 
Ontar i o  
Oregon 
Pennsylvania 
Rhode Is land 
Texas 
Washington 

* 
.06 

.01 .8k 

.004 

02 

* 

.02 * .04 

' * * 

.02 

. ,  * 

09 * 
001 

.01 

.03' 
58 .Ol 

* *. * 
.o 1 

03 

* -< 

-0.1 

03 

. *  

. 0 1 .  .02 

* Less than one twent ieth o f  one percent. 
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Table 5 
(continued) 

A Geographic Distribution o f  the 

Gemini Production Function in Percentages 

335 339 342 344 345 346 348 349 354 356 357 358 359 
Alabama 

* Ar i zona 
California -02 .01 .0.1 * .07 -02 - 1 0  -09  
Co 1 orado .09 .01 9.91 

.14 * .01 .O? 

* 

Connecticut 
De 1 aware 
Fl or i da 
Georg i a 
Illinois 
Indiana 
I owa 
Kansas 
Louis i ana 
Ma r y 1 and 
Mas sac hu s e t t s 
Michigan .06 - 
Minnesota 
Missouri .02.. .01 
New Harnpsh i re 
New Jersey 
New York * 
North Carol i na 
Ohio . 0 2  * 
Ok 1 a homa 
Ontario 
Oregon 00 1 
Pennsylvania * .I8 .04 .01, 
Rhode Island 
Texas 
Washington 

* 

* 
08 13 

I * Less than one twentieth of one percent. 
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Table 5 

(cont i nued) 
A Geographic D is t r i bu t i on  o f  the 

Gemini Production function i n  Percentages 

335 339 3b2 344 345 346 348 349 354 356 357 358 359 
A 1 a bama 
A r  i zona * 
Cal i forn ia  -02 -01 .OJ * .07 .02 .10 .03 
Co 1 orado 
Connecticut 

I - -  Delaware 
I F lor i da 

Georg i a 
I 1  l i n o i s  .14 * .01 -07 
Indiana 
I owa 
Kansas * 
Lou i s i ana 
Ma r y 1 and 
Massachusetts 
M i c h i gan 
Minnesota 
M i  ssour i .02, .01 
New Harnpsh i r e  
New Jersey 
New York * 
North Carolina * 
Ohio .02 * 
Ok 1 a homa 
Ontar i o  
Oregon .o 1 
Pennsylvania * A8 .04 .01. 

.09 .01 9.91 

, 

I 

.06 - 

Rhode Island 
Texas 
Washington 

* 
58 

. * 002.. 00'1 -01 

, *  005 .o 2. 
06 :lo. 001 . 0 2 .  

.* <*' 

* 
.08 13 

* Less than one twentieth of one percent. 



Table 5 
( a n t  i nued) 

A Geographic D is t r ibu t ion  o f  the 

Gemini Production Function i n  Percentages 

- - .  - .. - -  - ---. . . - .  361 ,362 364 ‘365 366 367 369 371 372 381 382 383 
Alabama -07 
A r  i zona .48 
Cal i forn ia  -03 .20 . O s  4.86 .13 .39 .OO 15.01 * 5.41 
Co 1 orado -02 * 
Connecticut .01.  .613 .06- 
De laware 
Flor ida 21.1 2 11.47 
Georgia 
Illinois 13 07 .03,  - +  
I nd i ana 03 .03’ 
I owa 1.36 021 
Kansas * 
Lou i s i  ana 

7.95 .09 -01 Maryland 
Massachusetts . a i  .02 .09 
M i  ch i gan 03 1.73 001 .33 
Minnesota 38 4.8 5 
M i  ssour i .55 -04 .02 88 29 * 
New Hampsh i r e  *: 
New Jersey .ii .13 -20 1.26 .IO .132 .146 -012 
New York .28 .32. 02 . 28 .* . .I8 * 
North Carolina 
Ohio .06 -2  1 
Oklahoma 
Ontario -27 
Oregon 
Pennsylvania .07 .03 -01 . 0 2  .06 008 
Rhode Is land .01. 
Texas * * 
Washington 

* Less than one-twentieth of one percent. 



Table 5 
(cont i nued) 

A Geographic D is t r i bu t i on  o f  the 

Gemini Production Function i n  Percentages 

386 739 890 999 
Alabama 

, 
76 

A t  i zona 
Ca l i f o rn ia  *- 
Co 1 orado 

Delaware 
F lor ida 
Georg i a 
I l l i n o i s  
1 nd i ana 
I owa 
Kansas 
Lou i s i ana 
Maryland 
Massachusetts 
Mi chi gan 
Minnesota 
M i s sou r i 
New Hamps h i r e  
New Jersey 
New York 
North Carolina 
Ohio 
Ok 1 ahoma 
Ontario 
Oregon 
Pennsylvania 
Rhode Is land 
Texas 
Washington 

_ .  Connecticut 

_ -  .01 
.24 

.01 

.OO 
.07 -21 

66 

03 
0 1  3 

.04 
- 5  7 

* 

* Less than one-twentieth of one percent. 
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i t  i s  qu i te  c lear  from the data presented i n  tab le  f i ve  tha t  a d e f i n i t e  

pat tern o f  subcontract locat ion Is emerging. 

t r i e s  are concentrated i n  coastal states. 

comparatively few Gemini do l l a rs  with these do l l a rs  resu l t ing  from subcon- 

t rac ts  t o  the less important industr ies i n  the Gemini production function. 

Major subcontracting indus- 

I n t e r i o r  regions are receiv ing 

c) Summary of Geographic D is t r i bu t i on  
o f  Gemini Expenditures 

A step by step descr ip t ion of tab le  f i v e  seems unnecessary since the 

data are reasonably s e l f  explanatory. 

Gemini production funct ion above provided a summary o f  the i ndus t r i a l  dfs- 

However, j u s t  as the discussion o f  the 

t r i b u t i o n  of  Gemini subcontracts, some b r i e f  summary comments on the geo- 

graphic d i s t r i b u t i o n  o f  Gemini expenditure seems necessary. 

i n  tab le six, states receiving Gemini do l l a rs  are ranked by t h e i r  per- 

centage share. This table, therefore, i l l us t ra tes  the geographic o r i g i n  of 

the factors of the Gemini production funct ion (i.e. i t  i l l u s t r a t e s  the geo- 

graphic hierarchy of subcontracting markets). Conjectures about geographic 

concentration analogous to the indus t r la l  concentration found above are 

conflrmed by the data presented i n  tab le  six. . 

d i r e c t l y  touched by Gemini f i r s t  t f e r  subcontracting dol lars,  only nine 

Of the twenty-nine states 

received more than one percent of the to ta l .  

Florida, ?bylend, Hinnesota, Missouri , Michigan, New Jersey, Iowa, and 

These states are Cal i forn ia ,  

New York. Ca l i fo rn ia  and Flor ida dominate the l i s t ,  accounting f o r  over 65 

percent o f  t o t a l  Gemini expenditures to  manufacturing and service industr ies 

between them. 

par ison (8.97 percent and 5.26 percent respectively). 

Minnesota and Maryland are a poor t h l r d  and burgh by conr 

Due t o  the locat ion 
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Table b 

Geographic b i s t r i k r Q l o & t  of brntal *Subcontracts By State 

Cal i f o r n i e  
Fl  oh 1 de 
Maryland 
Minnesota 
Missouri 
M i  chi  gan 
New Jersey 
I owa 
New York 
I 1  1 ino is  
Connecticut 
Oklahoma 
Pennsylvania 
A r  i zona 
Ohio 
Massachusetts 
Texas 
Ontario 
Washington 
Alabama 
Indiana 
Kansas 
Colorado 
Lou i s i ana 
Georgia 
Oregon 
Rhode Is land 
North Carolina 
De 1 aware 
New Hampshire 

TOTALS 

24,973,72 1 
21,733,263 

5 b 983 s 720 
3,505 b 868 
2,058,62 1 
1,851,605 
1,397,747 
1,0539872 

939 , 086 
579,804 
467,004 
376,572 
347 8 043 
3 1 8,486 
230,176 
265,169 
229 , 893 
178,693 
54,881 
48,069 
37,529 
14,996 
14,284 
7 665 
4 , 472 
4,032 
3,290 
1,478 

530 
5 
66,675,614 

2L 
37.46 
32.60 
8* 97 
5.26 
3*09 
2.78 
2.10 
1.58 
1.41 

87 
69 
56 
52 
.48 
58 
.40 
34 
27 

.08 
07 
06 
02 

0 02 
.Ol 
.01 
a 0 1  * * * * - 

100. I4 

# o f  Observations 

89 
3 
7 
4 

49 
9 

21 
3 

24 
19 
9 
1 

16 
3 

12 
9 
7 
1 
I 
1 
3 
5 
2 
1 
1 
1 
1 
1 
1 
1 - 

305 

* Less than one-twentieth o f  one percent. 



- 18- 

of the Gemini p r l h  contract Id S t .  Louis, i t  would seem reasonable t o  expect 

a large amount o f  Wbcontracting i n  Missouri and/or Missouri and I l l i n o i s .  

This expectation, however, i s  not born out when confronted w i t h  the data. 

Missouri 's share o f  Gemini subcontract expenditures i s  a low 3.09 percent. 

Combining Missouri and I l l i n o i s  i n to  a two s ta te  region only l i f t s  t h i s  

amount t o  3.96 percent. 

Table seven aggregates states i n t o  regions. The importance of the 

coastal regions i s  qu i te  evident. Furthermore, t h e i r  combined share o f  a l l  

inputs (84.3%) i s  d iv ided almost equally between east and west (37.55% west, 

46.7% east). 

Regions are neg l ig ib le  as might be expected. 

contains the Gemini home state, accounts f o r  a comparatively low 14.14%. 

Subcontracts t o  companies i n  the Rocky Mountains and South Central 

The Midwest Ugion, which 



Reg ion - 
West Coast 

Table ? 
Geographic D is t r i bu t i on  o f  Gemini Subcontracts By Region 

Rocky Mountains 

didwest 

South Central 

Southeast 

Northeast 

Canada 

% 

37.55 

50 

14.14 

_. 

98 

32.61 

14.09 

27 

# of  Observations 

91 

5 

104 

10 

5 

89 

1 

West Coast: Cali fornia, Oregon, Washington. 

Rocky Mountains: Nevada, Utah, Colorado, New Mexico, Arizona. 

Midwest: Kansas, Minnesota, Iowa, Missouri, Wisconsin, Michigan, I l l i n o i s ,  
Indiana, Ohio. 

South Central: Oklahoma, Texas, Arkansas, Louisiana, Kentucky, Tennessee, Missis- 
s i p p i ,  Alabama. 

South East: West Virginia, Virginia,  North Carolina, South Carolina, Georgia, 
Flor Ida. 

North East: New York, New Jersey, Pennsylvania, Maine, New Hampshire, Vermont, 
Connecticut, Massachusetts, Rhode Island, Maryland, Delaware. 
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$# A Hypothetical Model o f  Subcontracting Location 

With knowledge o f  the nature o f  Gemini inputs and t h e i r  geographic d is-  

t r i b u t i o n  now i n  hand, the time has come t o  go beyond mere descript ion. 

i s  a major object tve o f  t h i s  paper t o  develop a hypothesis o f  subcontract 

locatfon tha t  embodies predic t ive content and t o  meke use O f  the Gemini data 

discussed i n  sect ion three as a test  case. 

I t 

The most s ign i f i can t  con t r ibu t ion  

to  date deal ing w i t h  subcontract locat ion i s  embodied i n  a recent study pub- 

Since the f indings o f  
/14 

l ished by the Stanford Research I n s t i t u t e  (SRI) .  - 
t h i s  study are h igh ly  suggestive and more important testable, a b r i e f  discus- 

s ion o f  the SRI hypothesis w i l l  serve as in t roduct ion t o  the conceptual con- 

ten t  o f  t h i s  section. 

a) The Stanford Research I n s t i t u t e  Hypothesis 

The SRI study under discussion i s  an extensive invest igat ion i n to  many 

aspects o f  the R&D industry. I t  should be emphasized that only a s ing le 

proposal o f  the SRI study i s  being discussed and tested i n  t h i s  paper, namely, 

t h e i r  hypothesis o f  subcontract location. 

no d i sc red i t  t o  other parts o f  what i s  a pioneering e f fo r t .  

Negative resu l ts  here are o f  course 

The essent ia l  features o f  the SRI  Model o f  subcontract locat ion are 

as follows: 

“Two regions, the west coast and the northeast,---account f o r  two-thirds 
o f  the mater ia l  procurement (i.e. subcontract) do l la rs  spent. 

Though the percentage of  material procurement do l l a rs  going t o  the combi- 
nat ion o f  these two regions remains f a i r l y  constant, the r e l a t i v e  por t ion 
that  goes t o  each depends on the locat ion o f  the prime contractor making 
the procurements, w i th  the larger proport ion going t o  the nearest o f  the 
two regions. 

- 114 

Structure and Dynamics of the R&D Industry, Stanford Research Ins t i t u te ,  
Menlo Park, Cal i forn ia ,  June, 1964, especia l ly  chapters I I ,  V I .  

A. Shepero, R. P. Howell, J. R. Tombough, An Exploratory Study o f  the 
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There i s  a considerable amount o f  s u b s t i t u t a b i l i t y  o f  suppliers between 
these two regions. 

Five major defense R&D complexes-account f o r  45060% o f  the mater ia ls 
procurement do l la rs  spent by defense R&D prime contractors. 
plexes include 

These com- 

A Southern Ca l i fo rn ia  Complex 
A San Francisco Bay Area  Complex 
A New York City, North New Jersey Complex 
A Boston Centered Complex 
A Washington, D. C. Centered Complex 

1 1 / 1 5  
Defense RED prime contractors located outside the defense RED complexes 
procure approximately one - f i f t h  o f  t h e i r  mater ia l  from t h e i r  home states. 

This model i s  based on data col lected from three 000-NASA prime contract 

locations: Orlando, Florida; Denver, Colorado; and Phoenix, Arizona. 

The existence and importance of  the f i v e  major complexes and the substi-  

t u t a b i l i t y  o f  suppliers between them seems hardly i n  question. Examination of  

Gemini data corroborates a l l  three o f  these proposals. For example, observe 

the geographic concentrations found i n  tables s i x  and seven, and the geographic 

d i s t r i b u t i o n  o f  industr ies 366 and 367 i n  tab le f ive.  The tab le found i n  

Appendix A below provides clear evidence o f  the s u b s t i t u t a b i l i t y  hypothesis. 

Th is  tab le shows the geographic d i s t r i b u t i o n  o f  each industry 's Gemini subcon- 

t racts .  I n  addi t ion,  McDonnell procurement descr ipt ions i n  the o r ig ina l  data 

fur ther  support the s u b s t i t u t a b i l i t y  hypothesis. I n  what follows, therefore, 

these three proposals w i l l  be taken as datum. 

Given the existence and importance o f  the f i v e  complexes and the substi-  

t u t a b i l i t y  o f  suppl iers between them, what remains o f  the SRI model quoted 

above i s  a hypothesis suggesting the existence o f  a predictable geographic 

Shapero, Howell, Tombough, ope c i t . ,  p. 5.  /Is 
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d i s t r i b u t i o n  o f  subcontractorsr The d i s t r i b u t i o n  tha t  would be expected f o r  

Gemini subcontracts is estimated i n  tab le  8 and compared t o  the actual  f igures. a 

Table 8 

The SRI Hypothesis Tested With Gemlnl Data 

Reg I on - 
California-Northeast 

Ca l i fo rn ia  
Northeast 

Home State 

Missouri only 
Missouri 6 I l l i n o i s  

Expected 
Share (SRI) 

67% 

30-40% 
30.40% 

20% 

Actua 1 
Share (Gemini) 

42.6 

37.5 
5.1 

3.1 
4.0 

The comparlson presented In  table 8 does not lend a great deal o f  support 

t o  the SRI  hypothesis. The mid-continent locat ion of St .  Louis would seem t o  

imply near ly equal shares o f  Gemini subcontract do l l a rs  for Ca l i fo rn ia  and 

the northeast I f  SRI  i s  correct. Any east-west balance that  exists,  however, 

i s  due primarf y t o  F lor ida (32.6%,,see tab le 6 ) ,  an area o f  subcontract con- 

centrat ion not ant ic ipated by the SRI  hypothesis. The northeast f a l l s  dras- 

t i c a l l y  below t s  predicted share, and although Maryland and Delaware are not 

included i n  the SRI northeast region, even the add i t ion  of these two states 

leaves the combined California-northeast percentage more than 15 points too 

low. Final ly ,  the home s ta te  predict ions are far  from correct. Instead o f  

the near ly 20% expected, the states of Missouri and t l l f n o l s  received only 4% 

of Gemini subcontract dol lars.  

&!? The SRI  northeast region does not include the states Maryland and Delaware 
as does the northeast region presented i n  tab le 7 above. The SRI region, there- 
fore, excludes the Washington, 0. C.. complex. As indicated i n  the text ,  how- 
ever, even If these states are taken i n t o  account, the data s t l l l  do not corrob- 
orate the S R I  hypothesis. 
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A Hodel o f  Subcontract Location b) 

Constructing a tenable model of subcontract locatfon tha t  has s ign l f i can t  

ana ly t i c  and predic t ive content and i n  addi t ion reta ins s u f f i c i e n t  genera l i ty  

i s  a complex and f rus t ra t i ng  undertaking. The importance o f  such a model, how- 

ever, warrants a new attempt. 
I 

Returning t o  the SRI hypothesis f o r  a moment, there seem t o  be two prtn- 

c l p l e  reasons for i t s  f a i l u r e  t o  correct ly  an t ic ipa te  the Gemini subcontract 

d is t r ibu t ion .  F i r s t ,  given the existence o f  the f i v e  complexes and the sub- 

s t i t u t a b i l i t y  of suppliers between them, the subcontracting locat ion resu l ts  

of the SRI study may we l l  be a tauto log ica l  in te rpre ta t ion  o f  t h e i r  data. 

For example, Phoenix ce r ta in l y  l i e s  we l l  w i th in  the sphere o f  inf luence of the 

Ca l i f o rn ia  complexes. 

coast over the east, and Orlando, even grant ing the p o s s i b i l i t y  o f  a F lor ida 

complex, would ce r ta in l y  favor the northeast over Ca l i fo rn ia  on any locattonal  

or distance c r i t e r i a  Imaginable. 

study contained no e x p l i c i t  indus t r ia l  spec i f i ca t ion  o f  subcontractors. While 

i t  seems obvious tha t  the major complexes must be responsible f o r  the major i ty  

o f  the h igh ly  technical and specialty inputs i n  a pro ject  such as Gemini, the 

lack o f  an i ndus t r i a l  spec i f icat ion makes the determination o f  the locat ion 

o f  other inputs i n  r e l a t i o n  t o  the prime contractor impossible. 

I n  addit ion, Denver would ce r ta in l y  favor the west 

The second polnt  t o  be made i s  tha t  the S R I  

The sum t o t a l  o f  t h i s  b r i e f  c r i t i que  o f  the S R I  hypothests is tha t  It 

f a i l s  t o  present a s u f f i c i e n t l y  general case. 

by replacing the S R I  hypothesis w i t h  one tha t  takes the indus t r fa l  character 

o f  aerospace subcontracts e x p l t c i t l y  I n t o  account and makes subcontract 

loca t ion  a d i r e c t  funct ion of th is feature and the locat ion of  the prime con- 

t ractor .  The hypothetical re la t ionship tha t  emerges from t h i s  a l t e r a t i o n  i s  

This defect may be corrected 
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tha t  cer ta in  types o f  aerospace sbbcontractors should be expected t o  possess 

a locat lonal  advantage dbe to the nature o f  t h e i r  goods. I n  par t i cu la r ,  sub- 

contracts o f  a bulky, heavy nature, unspecial i ted, low technology, low value 

t o  welght r a t i o  should be largely  located within the region immediately sur- 

rounding the prime contractor. /11 Any prime contractor located withln the 

economic sphere o f  inf luence o f  a major complex, therefore, should generate 

a subcontract d i s t r i b u t i o n  which combines both 'special ized' and 'unspeclallzed' 

subcontracts i n  the surrounding geographic region. On the other hand, as one 

moves fa r ther  away from the major complexes, a locat ional  pat tern should appear 

w i t h  the special ty subcontracts concentrated i n  the centers and the other 

inputs concentrated I n  a region surrounding the prime contractor. 

The Gemini data is ,  o f  course, the ideal  t es t  case for t h i s  hypothesis. 

A1 1 Gemini subcontract expenditures o r ig ina te  i n  St. Louis, Mlssourl, making 

Gemini one o f  the few large NASA or DOD prime aerospace contracts not located 

I n  one o f  the f i v e  centers. In addition, S t .  Louis i s  economically equldistant 

between the complexes a l l  o f  which are located on the east and west coast. 

The Gemini data, therefore, should exh ib i t  a c lear subcontracting pat tern tha t  

would be unattainable I f  the prime contract were located I n  Los Angeles, New 

York, or f o r  example, the SRI  Phoenix case. Also, whi le  both St.  Louis and 

F lo r ida  (i.e. S R I  Orlando case) are about equal dlstences from the northeast 

complexes, c lea r l y  the locat lonal  preference o f  St.  Louis for the east coast 

over the west coast would be expected t o  be geographically much weaker. 

This statement i s  merely an appl icat ion o f  orthodox locat ion theory to  
the aerospace industry. See for  example, E. H. Hoover, The Location of 
Economic Ac t i v i t y ,  McGrawHI11 Book Co., New York, 1948; W. Isard, w a t l o n  
and Space Econow, John W i  ley, New York, 1955. 

117 - 
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To properly tes t  the proposed hypothesis w i t h  the Geminl data, It i s  

necessary t o  construct a region that a r b i t r a r i l y  (1) iso la tes a sect ion of the 

country tha t  seems most economically connected w i t h  St .  Louis, and (2) excludes 

a l l  f i v e  o f  the important aerospace centers and t h e i r  attendant complexes. - / I 8  

A region w i t h  a radius 

pl ishes both objectives. 

which Missouri, Iowa, Minnesota, Michigan, Ohio, I l l i n o i s ,  Indiana, Alabama, 

Oklahoma, Texas, and Kansas contain Gemini subcontracting observations. 

the hypothesis i s  val id,  the Gemini subcontractors f o r  unspeciallzed, low 

extending f l v e  hundred mi les from St. Louis accom- 

It contains within i t s  boundry eighteen states o f  

- -  
If 

technology, bulky, heavy inputs should be predominately located within t h i s  

reg ion. 

Retegated t o  thel ippendin are two tables which organize the Gemini data 

derived i n  sect ion three i n t o  a form su i tab le  f o r  the test .  Appendix A, as 

indicated previously, contains each state 's percentage share o f  each sub- 

contract ing industry. Since it i s  only necessary t o  know w h a t  percentage o f  

each industry 's t o t a l  subcontract do l l a rs  are located within f i v e  hundred 

mi les o f  St. Louis as opposed t o  the res t  o f  the U.S., Appendix (f aggregates 

states i n t o  regions on the basis o f  t h i s  c r i t e r i a .  

Absolute proof i s  nei ther expected nor sensible t o  expect; however, a 

concentration o f  s i x t y  percent or greater o f  any industry within the f i v e  

hundred mi le  region would seem substantial evidence o f  locat ional  preference. 

It i s  on t h i s  basis tha t  tab le  9 i s  constructed from Appendices A and 8. 

by F. T, b o r e  and J. W, Peterson, "Regional Analysis: An ln te r lndus t ry  
Study o f  Utah," Review o f  Economics and Sta t is t i cs ,  November, 1955. 

Any 

A conceptually s im i la r  region has been constructed f o r  other purposes 
/18 
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Gemini subcontracting industry whose subcontracts are concentrated w i th in  

f i v e  hundred miles of S t .  Louis t o  a degree of s i x t y  percent o r  w r e  h a s - h e n  

designated regional (R) i n  tab le  9. bn the other hand, i f  an industry has 

sfsrty percent lor more o f  i t s  subcotltracts located outside the f i v e  hundred 

m i le  region, It has been rated hational (N). 

In  nei ther  regton have been relegated to  a t h l r d  category e n t i t l e d  unclassi- 

f i ed  (U). 

Industr ies w i t h  s t x t y  percent 

Table 9 

Regional and National Gemlnl Inputs 

Descript ion 3- Observations 

1) Industr ies wt th  greater than 60% o f  subcontract do l l a rs  located reg ional ly  (R! 

28 1 
289 
327 
335 
339 
344 
354 
356 
367 
37 1 

Indus t r ia l  Chemicals 
Miscel lanews Chemicals 
Concrete, Gypsum 
Non-Ferrous Rol l  ing and Drawing 
Miscellaneous Primary Metals 
Fabricated Structual  Metal Products 
Metal Working Machinery 
Genera 1 1 ndustr i a  1 Equ i pnent 
Electronic Components 
Motor Vehicle and Equipment 

70.4 
95.6 
100.0 
85.0 
92.8 
86.4 
88.6 
65.0 
79.3 
95.4 

2) Industr ies w i t h  greater than 60% o f  subcontract do l l a rs  1 

19 Ordnance and Accessories 
229 Miscellaneous T e x t i l e  Goods 
282 Fibers, P last ics  and Rubbers 
283 Drugs, Medictna1 Chemicals 

Fabr 1 cated Rubber Products 
322 306 @lass ead Blassware 
323 Glass Products (made o f  Purchased Glass) 
329 Miscellaneous Non-Metallic Minerals 
3 42 Hand Tools, Hardware 
345 Screw Hachine Products 
346 Meta 1 Stampi ngs 
348 Fabricated Wire Products 

100.0 
100,o 
100.0 
100.0 
100.0 
00. 0 
00,o 
87.8 
00,o 
83.2 
00.0 
00.0 

ca ted 

6 
IO 

1 
IO 
6 
4 
2 
7 
25 
6 

a t  fonal l y  (N; 

2 
1 
2 
1 
1 
1 
1 
2 
4 

11 
1 
2 
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Table 9 
(con t i nued) 

Regional and National Gemini Inputs 

S I C  Descript ion - 
349 
358 
359 
361 

3 62 
364 
365 
3 69 
3 72 
381 
3 82 
3 83 
386 
739 
89 1 

M i  scel laneous Fabricated Meta 1 Products 
Service Machinery 
Miscel laneous Machinery, Machine Shop 
E lec t r i ca l  Transmission 8 Dls t r i bu t i on  
Equ i pment 
Elect r  i ca 1 I ndus t r fa 1 Apparatus 
L ight ing & Wiring Equipment 
Radio & T.V. Receiving Sets 
Miscellaneous E lec t r i c  Machinery & Supplies 
A i r c r a f t  & Parts 
S c i e n t i f i c  & Laboratory Equipment 
Measuring & Ind icat ing Instruments 
Optical Equipment and Lens 
Photo Equipment & Supplies 
Bus i ness Serv 1. ces (R&D) 
Engineering & Archi tectural  Services 

% 

100.0 
77.6 
98.6 

96.8 
87.1 
99.8 
97.5 

100.0 
93.8 
99.2 
77.9 

100.0 
100.0 
100.0 
100.0 

- 

3) Unclassif ied Industr ies (U) 

Paints, Varnishes, Lacquers, Enamels & A l l i e d  285 
Products 

307 Miscellaneous P l e s t  i cs  Products -..-- 
Blast  Furnances, Steel Works, & Ro l l ing  & 33 1 
Finishing M i  11s 
Office, Computing and Accounting Machines --I- 357 

366 Communication Equipment 

--*- 

I)--- 

---- 

Observations 

6 
3 

10 

18 
10 
5 
8 
1 
28 
4 
23 

1 
1 
2 
2 

2 
7 

6 
4 
8 

Careful analyses of tab le  9 reveals tha t  the industr ies designated 

regional  (R) are general ly o f  a ubiquitous (281, 289), bulky (327, 335, 339), 

unspeclal ized, low technology (356, 367) nature. 

more ref ined Gemini inputs (359, 361, 382, 372, etc.) are p r imar i l y  subcontracted 

for outside the f i v e  hundred mi le  region. 

of the  subcontracts i n  the 'national '  category have gone t o  one o f  the f i v e  

compkxes (see tab le  5 and Appendix A). 

A1 1 the h igh ly  technical  , 

As already indfcated, the ma jo r i t y  
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Table 9 c lea r l y  implies the existence o f  some advantage to the prime 

contractor from awarding subcontracts in  'unspecialized' indust r ies t o  f i rms 

o f  not to d is tan t  location. Some pat tern i s  d e f i n i t e l y  present i n  the geo- 

graphic d i s t r i b u t i o n  o f  Gemini subcontracting. Further evidence i s  provided 

by tab le  10. 

derived on a plant rather than f i r m  basis, the mean value o f  each geographic 

Since the Gemini expenditure data being used i n  t h i s  study were 

a po in t  o f  production i n  each subcontracting industry may be calculated as 

simple average. Ranking subcontracting indust r ies on the basis o f  these 

f igures and again designating each industry as regional, nat ional  o r  unc 

f ied  (from tab le 9), resu l ts  i n  a comparison of  locat ion and value. LE2 

The proposed hypothesis would suggest tha t  the low value subcontract 

ass i- 

would have a locat ional  advantage and therefore tend t o  be located w i t h i n  the 

hypothet ical  f i v e  hundred m i le  region. High value on the other hand would 

tend t o  d i l u t e  the locat ional  advantage and impart a more footloose character 

t o  the industry. - /20 I n  the Gemini case, t h i s  implies tha t  the opportuni ty 

cost t o  the prime contractor o f  subcontracting outside the f i v e  hundred m i l e  

region i s  less the more valuable the subcontraCt7 Table 10 supports t h i s  

proposal. 

/2 1 

The indust r ies w i t h  the highest average value per subcontract are 

a l l  designated 'nat ional '  (N). The f i r s t  industr ies designated regional a re  

far  down the l i s t .  

General I ndus t r i a l  Machinery (356). As indicated above, these industr ies 

They are Electronic Components and Parts (367) and 

are not of  a p a r t i c u l a r l y  specialized nature. A fan, t rans is to r  o r  blower 

are common items o f  manufacture i n  almost any large metropolitan area. 

I n  ca lcu la t ing  mean values, subcontracting industr ies w i t h  less than two 
/19 
observations have been eliminated. 

See Hoover, op. c i  t. 
/ 20  - 
- '21 Note tha t  the advantage los t  may be posi t ive,  negative o r  zero. 
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S I C  

364 
361 

359 

3 82 
3 65 
3 72 
282 
3 66 
3 67 
356 
89 1 

3 19 
3 62 
289 
381 
348 
3 42 
739 
37 1 
344 

3 49 

335 
28 1 
307 
3 58 
339 
345 
33 1 
3 29 

3 57 
285 
3 54 

- 
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Table 10 

A Comparison of  Subcontract Location and Value* 

$ 
Mean 

Lighting and Wiring Devices 1,076,840 
Electrical Transmission & 
Distribution Equipment 824,109 
Miscel laneous Machinery, 
Machine Shops 670,302 
Measuring & Indicating Instruments 636,924 
Radio & T.U. Receiving Sets 424,895 
Aircraft & Parts 424,707 
Fibers, Plastics & Rubber 281,271 
Connnunication Equipment 22 1 ,642 

General Industrial Equipment 85,715 
Engineering & Architectural 
Services 68,313 
Ordnance & Accessories 49 s 843 
Elect r i ca 1 I ndustria 1 Appartus 49 , 285 
Miscellaneous Chemicals 47s 134 
Scientific & Laboratory Equipment 39,145 
Fabricated Wire Products 36,203 
Hand Tools & Hardware 3 1,614 
Business Service 24,788 
Motor Vehicles & Equipment 24,609 
Fabricated St ructura 1 Meta 1 Pro- 
ducts 18,954 
Miscellaneous Structural Metal 
Products 15,849 
Non Ferrous Rolling & Drawing 13,978 
Industrial Chemicals 9 * 498 
Miscellaneous Plastic Products 9,381 
Service Machines 8,651 
Miscellaneous 8,056 
Screw Machine Products 7,907 
Stell Mills 6,125 
Miscellaneous Non-ktallic Mineral 
Products 5,875 
Computing Machines 4,420 
Paints & Varnishes 1 ,375 
Metal Working Machines 866 

Electronic Components 105,910 

Concen t rat ion 

N 

N 

R 

N 
U 
U 
R 

# of 
Observat ions 

5 

18 

10 
23 
8 

28 
2 
8 

25 
7 

2 
2 
10 
10 
4 
2 
4 
2 
6 

4 

6 
10 
6 
7 
3 
6 

1 1  
6 

N = National 
R = Regional 
U = Unclassified * Two observations required 
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The general impression derived from tables 9 and 10 is that certain types 

of Gemini subcontracts are concentrated within what might be called the St. 

Louis economic region. These subcontracts tend to be of a low value, low 

technology, high weight and bulk nature. In other words, a geographic pattern 

is present. The Gemini data supports the hypothesis that certain types of 

industries possess a locational advantage in the letting of aerospace subcon- 

tracts. Furthermore, since the Gemini data also indicate that most high value, 

high technology inputs are subcontracted for within the five complexes, it 

seems a safe conjecture to assume that some form of trade-off exists between 

the locational advantage proposed here and whatever advantage may be derived 

from subcontracting within the complexes with the crucial determinant of which 

outweighs the other being the physical nature and value of the input. 

It will be recalled that this hypothesis took as given the S R I  findings 

of (1) the existence of five major R&D complexes, (2) the relative importance 

of these complexes with regard to aerospace subcontracting, and (3) the sub- 

stitutability of suppliers between complexes. Together, these four proposals 

result in the foundations of a predictive model of the location of subcontract 

expenditures. To be operational, all that is required is knowledge of prime 

contract location. Caution, however, is advised for the Gemini data has 

provided only a single test of this model. Although the data fit the hypotheses, 

nothing has been proven conclusively and considerable further testing and refine- 

ment are necessary before this model can be established as a reliable theory. 

While this may prove difficult due to the lack of prime contract sights posses- 

sing St. Louis' quasi isolation from aerospace centers, the generality of the 
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resu l ts  i s  implied by a recent study by 

on subcontract locat ion are i n  agreement 

Peterson and T i  ebou t 

w i th  those presented 

whose f i n d  I ngs 

above but 

based on mult i -project ,  m u l t i - t i e r  data co l lected i n  Cal i fornia.  /22 

addi t ion,  the model must remain s u f f i c i e n t l y  f l e x i b l e  t o  al low f o r  the 

special features o f  a par t i cu la r  project, and f o r  the possible development 

of addi t ional  R&D, o r  more speci f lca l ly ,  aerospace complexes. On t h i s  l a t t e r  

point, f o r  example, the Gemini data suggest the p o s s i b i l i t y  o f  such a develop- 

ment i n  Florida. 

I n  

I 

- _  

c) A Possible Qua l i f i ca t i on  

One factor  o f  great importance has been ignored thus far.  The locat ional  

preferences discussed above are a l l  based on tenets o f  orthodox locat ion 

theory. These encouraging resul ts  may be qual i f ied,  however, by the primary 

locat ions o f  the industr ies involved i n  the overa l l  i ndus t r i a l  s t ructure of  

the United States. This i s  pa r t i cu la r l y  t rue  o f  the industr ies designated 

I reg lonal '  on essent ia l l y  locat ion theory grounds. The preference for  sub- 

contract ing i n  these industr ies w i th in  the S t .  Louis region may simply be 

tha t  the major proport ion of these indust r ies i n  existence i n  the United States 

i s  located w i t h i n  f i ve  hundred miles of S t .  Louis. To complete the model, 

therefore, t h i s  factor  must be e x p l i c i t l y  taken i n t o  account. 

The strength o f  t h i s  c r i t i c a l  po int  depends heavi ly on the locat ion o f  

the prime contractor. To determine i t s  s igni f icance In  the Gemini case, 

7 /22 
R.S. Peterson and C. M. Tiebout, "Measuring the Impact o f  Regional Defense- 

Space Expenditures", Review o f  Economics and Sta t is t i cs ,  November, 1964, ppr 
426- 27 . 
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tab le  11 has been constructed w i t h  the a i d  o f  census data. /23 I n  t h i s  table, 

reg ional ly  concentrated Gemini industr ies are compared w i t h  the nat ional  

industry d is t r ibu t ion .  Two especial ly c lear cut ce,$es emerge from the data. 

Column two i n  tab le 11  tndtcetes thst Industty 371, Motor Vehicles and Equipment, 

i s  heavi ly concentrated w i th in  the S t .  Louis region, To the contrary, industry 

367, Electronic Components, i s  represented neg l i g ib l y  by comparison. 

o f  these indhstr ies, however, are stzong reg ional ly  i n  the Gemini case. 

Both 

The - -  

census data suggest that  the Gemini concentration i n  the former may resu l t  

from the predominance o f  the national industry i n  the same area. I n  the l a t t e r  

case, nat ional  concentration i s  not i n  evidence adding support t o  the power of 

the l o c a t f o w l  factors. 

Table 11 

Gemini Indus t r ia l  Concentrations Compared To 
Na t i ona 1 I ndus t r i a  1 Concentrations 

Regional % Regional % National % Census 
Census Total - S I C  Oescr i p t  ion Gem1 n i  Census - 

281 
289 
327 
335 
339 
344 

354 
3 56 
3 67 
371 

Indus t r ia l  Chemicals 
Miscellaneous Chemicals 
Concrete, Gypsum, Plaster 
Non-Ferrous Roll I ng E Drawing 
Miscellaneous Primary Metals 
Fabricated Structura l  Metal 
Products 
Metal Working Machinery 
General I ndus t r i a l  Equipment 
Electronic Components & Parts 
Motor Vehicles and Equipment 

70.4 

100.0 
85.0 
92.8 

95.6 

86.4 
88.6 
65.0 
79.3 
95.4 

47.7 
45.8 

29.0 
62.3 

46.0 
59.0 
49.0 
23.6 
75.2 

44.3 
43.3 

43.7 
35.9 

53.2 
35.8 
49.4 
67.7 
17.3 

92.0 
89.1 

72- 7 
98.2 

99.2 
94.8 
98.4 
91.3 
92.5 

United States Census of  Manufacturers: 1958, United States Department of /21 
Commerce, Bureau o f  the Census, Washington, D. C., 1958, Vol. 1 1 1 .  
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Regional concentration o f  the national industry may a lso  go a long way t o  

explain the Gemini concentration of  industr ies 339, Miscellaneous Primary Metals 

and 354, Metal Working Machinery, but these cases are not a obvious as 371. 

The remainder of  the industr ies are only vaguely supported i n  e i t h e r  d i r e c t i o n  

(or nei ther direct ion),  and i n  many cases the census data seem somewhat unre- 

l i a b l e  (289, 335). 

however, grounds f o r  dismissal of t h i s  q u a l i f i c a t i o n  t o  the model. Its impli-  

cat ions should be weighed care fu l l y  for i t  i s  capable o f  destroying the v a l i d i t y  

of the e n t i r e  theoret ica l  structure constructed ear l ie r .  

The inconclusiveness o f  the major i ty  o f  the evidence i s  not, 
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v Non-Manufactur 1 ng Subcontractors and Local Impacts - 
Throughout the course o f  t h i s  paper, the Gemini pro ject  has been treated 

more or less as an exogenous disturbance which has had s ign i f i can t  impacts on 

the pr iva te  sector o f  the economy. 

mi t ted study of these impacts from a nationwide viewpoint. This same data, 

however, a lso  provide extensive information on loca l  impact (i.e. impact i n  

the immediate geographic area surrounding the prime contractor), a subject 

which along w i t h  the actual placement o f  the prime contract i t s e l f  i s  of ten 

r i f e  w i t h  u l t e r i o r  p o l i t l c a l  and economic object ives (i.e. economic and 

i ndus t r i a 1 development , pol i t ica 1 pres t i ge) . 
Speci f ica l ly ,  the aspects o f  local  impact that  w i l l  be discussed here are 

In  par t i cu la r ,  the Gemini data have per- 

124 

(1) the e f fec ts  on loca l  f i r m s  and industr ies t i e d  by in ter indust ry  sales t o  

the f i r m  or industry i n i t i a l l y  af fected (i.e. McDonnell) and (2) the impl i -  

cat ions o f  the Gemini non-manufacturing subcontracts most o f  which are loca l  

i n  geographic character. 

Gemini contract on McDonnell's internal  operations or o f  any ensuing income 

No account w i l l  be taken o f  the e f fec t  o f  the prime 

e f fec ts  resu l t ing  from changes i n  a c t i v i t y  e i t he r  

subcontractors. /25 These l a t t e r  two object ives 

of the data developed i n  t h i s  paper. 

On publ ic  purchasing see R. A. Musgrave, Pub /24 
Co., New York, 1959, chapter 3. 

a t  McDonnell or i t s  loca l  

are simply beyond the range 

i c  Finance, McGraw-Hill Book 

Various categories of  local  impact are discussed i n  W. Z. Hirsch, "A 
General Structure f o r  Regional Economic Analysis," i n  W. Hochwald ed., Desiqn 
of Reqianal Accounts, JohnHopkins Press, Baltimore, Maryland, 1961, pp. 1-32. 
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I m p l i c i t  i n  t h i s  postulated discussion i s  a rough tes t  of the extent t o  

which a pro ject  such as Gemini fosters the development o f  a supporting aero- 

space or iented i ndus t r i a l  complex i n  the loca l  area. Given tha t  Gemini was 

preceded i n  time by Mercury plus the several large a i r  force contracts awarded 

McDonnell i n  recent years (i*e. Voodoo, Phantom), i t  would seem p laus ib i l e  t o  

expect a complex o f  supporting aerospace indust r ies t o  be emerging in  the 

S t .  Louis area, and i f  such were the case, it would seem equal ly p laus ib i l e  

t o  expect some o f  the more technical Gemini subcontracts to be awarded t o  

loca l  firms. 

As has already been indicated i n  sections three and four above, the 

Gemini impact on manufacturing and service industr ies has been s l i g h t  i n  the 

home s ta te  region 

defined t o  be the S t .  Louis Standard Metropolitan S t a t i s t i c a l  Area (SMSA), 

an area o f  approximately 100 m i l e s  radius from S t .  Louis proper, loca l  impact 

i s  necessarily even smaller. Quant i ta t ive ly ,  Gemini demands on local  manu- 

fac tu r ing  and service indus t r ies  are approximately three percent o f  t o t a l  

subcontract expenditure i n  these industries. That such an amount does not 

ind ica te  the presence o f  an aerospace complex seems c lear  from table 12. 

This tab le shows the local  share o f  each industry 's Gemini do l lars .  Except 

f o r  industry 366, Communication Equipment, the major factors  o f  the Gemini 

production funct ion are not we l l  represented i n  the loca l  area (i.e. 361, 372, 

382, 359, 364, 365). instead, i t  i s  discovered tha t  not only i s  the t o t a l  

loca l  expenditure small, but that, I n  addi t ion,  the industr ies that  are we l l  

represented l o c a l l y  are (1) o f  a nature suggested by the hypothesis developed 

i n  the preceding section and (2) not those tha t  received major shares of 

(i.e. Missouri and I l l i n o i s ) .  If the loca l  area i s  



SIC 

19 
229 
28 1 
282 
283 
285 
289 

- _  306 
307 
322 
323 
327 
329 
33 1 
335 
339 
342 
344 
345 
346 
348 
349 
354 
3 56 
357 
359 
36 1 
362 
364 
365 
366 
367 
369 
37 1 
372 
381 
382 
3 83 
386 
739 
89 1 
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Tabla 12. 

Local Gemini Subcontract $ixpenditores 

Des c r i p t  i on 

Ordnance and Accessories 
Miscellaneous T e x t i l e  Goods 
Indus t r i a l  Chemicals 
Fibers, P last ics  and Rubbers 
Drugs, Medicinal Chemicals 
Palnts and Varnishes 
Miscellaneous Chemcials 
Fabricated Rubber Products 
Miscellaneous P las t i c  Products 
Glass and Glassware 
Glass Products (made o f  Purchased Glass) 
Concrete, Gypsum Plaster 
Miscellaneous Non-Metalltc Minerals 
Steel M i l l s  
Non-ferrous Ro l l ing  and Drawing 
Miscellaneous Primary Metals 
Hand Too 1 s , Hardware 
Fabricated Structual  Metal Products 
Screw Machine Products 
Metal Stampings 
Fabricated Wire Products 
Miscellaneous Fabricated Metal Products 
Metal Working Machinery 
General l n d u s t r i a l  Equipment 
Computing Machines 
M i  scel laneous Machinery, Machi ne Shops 
Elec t r i ca l  Transmission & D is t r i bu t i on  Equipment 
E lec t r i ca l  I ndus t r i a l  Apparatus 
L ight ing & Wiring Equipment 
Radio & T.V. Receiving Sets 
Communication Equipment 
E lect ron ic  Components & Accessories 
Miscellaneous E l e c t r i c  Machinery & Supplies 
Motor Vehicles c Equipment 
A i r c r a f t  & Parts 
S c i e n t i f i c  & Laboratory Equipment 
Measuring 6 Ind icat ing Instruments 
Opt ica 1 Equi p e n t  & lens 
Photographic Equipment and Supplies 
Bus i ness Serv i ces (RCD) 
Engineering 8 Archi tectura l  Services 

* Less than one-twentieth of  one percent. 
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Gemini expenditure (i,e. they are  minor elements i n  the Gemini production 

function), 

tries 281, Indust t ia t  Chemicals and 3 3 i ,  335, 339, brimary Metals. 

In part icular,  obsehve the local  subcontract expenditure I n  indus- 

In  other words, the subcontracting inter industry t i e s  o f  Gemini do not 

indicate the existence o f  a supporting aerospace complex i n  S t .  Louis. Further- 

more, the observed lack o f  local  speciallzed aerospace subcontracts, i n  sp i te  

o f  what seems ample incentive over recent years, seems t o  indicate that  the 

prospects for fu ture complex development are not br ight .  - '26 The local  indus- 

t r i e s  af fected s ign i f i can t l y  by Gemini are not i n  general the h igh ly  technical 

type but basic industr ies found in  any major d i ve rs i f i ed  indus t r ia l  complex 

in  the United States. To date, there i s  no clear conception o f  what consti- 

tutes the minimum stimulus necessary to  spawn a new aerospace complex. Care- 

f u l  watch over fu ture developments i n  the Flor ida aad Houston area, however, 

may resu l t  i n  a major breakthrough i n  t h i s  regard. 

Non-manufacturing subcontracts fur ther  color the local  impact picture. 

These subcontracts are o f  two types. 

(1) t o  independent wholesale firms or (2) t o  local sales' of f ices,  manufactures' 

Either they represent McDonnell payments 

representatives etc. o f  non-St. Louis f i r m s .  I n  tab le 13, the former group 

has code number 500 and the l a t t e r  600. 

payments were local. /27 
Except f o r  a s ing le case, a l l  such 

Ignoring the Flor ida case, code f i v e  hundred non-manufacturing subcontracts 

a re  legi t imate loca l  non-manufacturing firms. The s i x  hundred group, however, 
&!2 
the most s ign i f icant  local  effect of  Gemini. Subcontracting data, however 
provides d i rec t  information only on inter industry effects. The re la t i ve  
importance o f  these effects can not be ascertained w i th  solev t h i s  information. 

Recall that  income effects are not being considered. These may wel l  be 

The Flor ida case was a wholesale f i r m  not a sale's o f f ice,  manufacrure's 
/27 
represestet ive, .etc. 
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are not f irms a t  a l l  but merely S t .  Louis' o f f i c e s  of n u l  3ucat C i r r u s  proces- 

sing local orders. The s i m i l a r i t y  between these two groups l i e s  i n  the fact  

I that  they are both receiving payments from McDonnell f o r  goods and services 

produced elsewhere. 

others, not because the industry could not be i d e n t i f i e d  as w i t h  unallocated 

These subcontracts have not been c l a s s i f i e d  w i t h  the 

999 subcontracts, but because the place o f  actual manufacture could not be 

ascertained beyond the fac t  that  i t  was not i n  S t .  Louis. 

Note i n  table 13 that  the d i s t r i b u t i o n  of non-manufacturing subcontracts 

generally follows closely the manufacturing and service d i s t r i b u t i o n  studied 

i n  section 3. It i s  concentrated i n  the h igh ly  technical industries. I f  

these non-manufacturing subcontracts are misinterpreted and expenditures t o  

such f irms and quasi firms added to local (;.e. S t .  Louis SMSA) manufacturing 

and service subcontract expenditure, a s t r i k i n g  but incorrect impression of 

local  Gemini e f fec ts  i s  attained. I n  fact ,  local  expenditure approaches a 

f igure close t o  20%. 

e r ro r  resul ts i n  qu i te  a dif ferent conclusion w i t h  regard t o  aerospace complex 

- /28 
Given the industr ies affected, committing such an 

development. I n  fact ,  i t  would seem legi t imate t o  conclude that t o  some 

extent one ex is ts  or i s  developing i n  S t .  Louis. 

however, that  such i s  not the case. While i t  may be acceptable t o  count local  

wholesale f irms i n  local  impact, t h i s  i s  ce r ta in l y  not the case w i t h  sales' 

o f f i c e s  and manufactures' representatives, and t h i s  l a t t e r  group dominate 

It has already been shown, 

tab le 13. The impl icat ion i s  obvious. Major subcontracting f i r m s  i n  major 

The s i m i l a r i t y  of t h i s  figure w i t h  the SRI home state predict ion discussed /28 
e a r l i e r  should be ignored. 
i n  agreement between Gemini data and S R I ,  t h i s  er ror  was not present i n  the 
S R I  work. 

Although such an error  as indicated would resu l t  
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Table 13s 

Non-Manufacturing 
Gemini Expenditure in Dollars 

Tota 1 - Florida Mi ssou r i pes cr i Pt i on 

506 
508 

1151563 Electrical Goods 115,563 

Miscellaneous 11,503 
Metals and Minerals 20,715 

Machinery, Instruments, Equip 
ment and Supplies 42,041 

(except petroleum products b scrap) 
Paper and Paper Products 10,504 
Motor Vehicles and Automotive 
Equ I pment 35,907 
Chemicals and Allied Products 247,037 
Electrical Goods 12,959,265 
Hardware, Heating Equipment, 
and etc. 3,313 
Machinery, Instruments, Equip 
ment and Supplies 64,776 
Metals and Minerals 67,077 
(except petroleum products) 
Paper and Paper Products 10,504 
Construction Materials 1,774,340 

509 
509 1 

5096 
60 1 

10,504 

35,907 
247,037 

12 959,265 
602 
606 
607 

3,3 13 
608 

64,776 
67,077 609 1 

6096 
6098 

10,504 
1,774,340 

15,405,395 TOTALS 1 5 * 374,755 30,640 

Table l 3 b  

Non-Manufacturing - 
Gemini Expend1 tute in Percentages 

Code - Tota 1 - Description Mi ssour I Florida 

* 750 506 E Iect r i ca 1 Goods 750 

273 
508 Machinery, Instruments, Equip 

509 Miscellaneous .074 
5091 Metals and Minerals . 134 
5096 Paper and Paper Products .068 
601 Motor Vehicles and Automotive 

602 Chemicals and Allied Products 1.604 

607 Hardware, Heating Equipment, 

608 Machinery, Instruments, Equip- 

ment and Suppl i es 

(except petroleum products B scrap) 

Equ i pmen t 233 

606 E 1 ect r i ca 1 Goods 84.122 

and etc. 022 

ment and Supplies .420 

(except petroleum products) 
6091 Metals and Minerals 435 

6096 Paper and Paper Products . 147 
6098 Construction Materials 1 1  .si8 
TOTALS 99- 772 

.471 

.074 

.134 

. 068 
* 233 
1.604 

84.122 

.022 
. .  

.420 
435 

.147 
11.518 

100.0 
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subcontracting industries have seen f f t  to  open business offices to  expedite 

operations but not to  extend actual production f a c i l i t i e s  to  the S t .  Louis 

arear Sales' off ices and manufactures' representatives certainly do not 

Indicate development o f  a supporting aerospace complex i n  the local Gemini 

arear 
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a Summary and Conclusions 

The major objectives o f  t h i s  paper were (1) t o  describe the subcontracting 

expenditures of the Gemini project  both i n d u s t r i a l l y  and geographically and 

enumerate the impl icat ion derived from the data and (2) develop and tes t  a 

hypothesis of subcontract location. 

s t a n t i a l l y  attained. Both supply important information that  can be applied 

t o  future projects such as Gemini, and prerequis i te  data needed t o  properly 

predic t  employment and income effects. Major conclusions may be summarized 

as follows: 

Both o f  these object ives have been sub- 

Gemini subcontracts are concentrated i n  a small number o f  industr ies 

of which electronics,  instruments, and a i r c r a f t  predominate. 

Subcontracts are a lso  highly concentrated geographically w i t h  

Ca l i fo rn ia  and F lor ida predominating and the home states o f  

Missouri and I l l i n o i s  being somewhat ins ign i f i can t .  

There are grounds f o r  be l i e f  that  locat ional  factors could be the 

basis fo r  a predicat ive model o f  geographic in ter indust ry  impact 

f o r  aerospace projects s imi lar  t o  Gemini. I n  par t i cu la r ,  the 

opportunity costs o f  subcontracting outside the region most 

economically connected with the prime contractor seem p roh ib i t i ve  

w i t h  regard t o  low technology, l o w  value, high weight, and bulk 

subcontracts . 
The local  Gemini in ter indust ry  e f fec ts  have been small cont r ibut ing 

t o  the b e l i e f  tha t  development of an aerospace complex i n  the Stv:Louis 

area i s  ne i ther  taking place now nor i s  iminent i n  the near future. 

Much addi t ional  work i s  necessary i f  the threshold of  aerospace 

complex development i s  to  be determined. 
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APPENDIX 1p 

Geogtrpblc Ois t r ibu t ion  of Indiv idual  lndustry Expenditure 

19 229 281 282 283 285 289 306 307 322 - - - -  - - - - 
Alabama 
A r i  zona 
Ca l i fo rn ia  
Colorado 
Connecticut 
De 1 aware 
Flor ida 
I l l i n o i s  
Indiana 
lOWa 
Kansas 
Loui s iana 
Mary 1 and 

100.0 

Massachuret t s 
Michigan 
Minnesota 
Missouri 
New Hamps h 1 r e  
New Jersey 
New York 
North Carol Ina 
Pennsylvania 
Ohio 
Ontarlo 
Oregon 
Rhode Is land 
Texas 
Washington 
Georg i a 
Oklahoma 

100.0 

5.05 
65.72 

4.60 

24.56 

. 06 

46.64 
011 

12.69 
.24 

8.92 
1.63 

100.0 

32.81 
81.52 13-56 

2.88 100.0 

100.0 
1 e30 

53.36 
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(cont i nued) 

Geographic Distribution of lndlvidual Industry Expenditure 

323 327 329 331 335 339 342 344 345 346 - - - - - - - -  - - 
A 1 abama 
A r  1 zona 
Cal i fornia 46.97 11.29 6.93 0288 3-72 53.64 100.0 

100.0 

Co 1 orado 
Connect i cut 4.95 
De 1 aware 
Florida 
1 1  I t  nois 68.11 4.41 
I nd I ana 
1 owa 
Kansas 
Lou I s tana 
Maryland 
Mas sac hu set t s 
M i  chi gan 80.72 
Minnesota 
Mi ssour i 48-08 7.85 7-67 
New Hampshl re 
New Jersey 
New York 83 
North Carol I na 
Pennsy 1 van I a 100.0 87-77 .26 97.12 
Ohio 12.23 9.05 
Ontario 

Rhode Island 
Texas 
Washington 
Georg I a 
Ok 1 ahoma 

Oregon 2.88 

7.97 

86.36 11-04 

3.60 

1 *95 
29. 58 

1.94 



-42b- 

APPENDIX A 

(cont 1 nued) 

Geographic Distribution of Indiv idual  Industry Expenditure 

Alabama 
A r  1 zona 
Cal i forn ia  
Co 1 o tad0 
Connecticut 
De 1 aware 
F1 or 1 da 
I 1 1 i no i s 
I nd i ana 
1 owa 
Kansas 
Louisiana 
Mary land 
Massachusetts 
Michigan 
Minnesota 
Missouri 
New Hamps h i r e  
New Jersey 
New York 

348 349 354 356 357 358 - - -  - -  - 
95059 59.59 9.76 22.71 

359 361 362 364 - - -  

94.92 . 60 

. 02 

98.44 

64.63 58.66 22.50 

38 

1.94 4.96 38.61 
38.47 10.79 18.62 38.89 

North Carol f na 
Pennsy lvanie 4.41 11.45 

Ontario 
Oregon 
Rhode Island 
Texas 

Georg f a 
Ok 1 a homa 

Ohio 88.55 

Washington 9.15 

-05 2.49 5-17 .18 

.47 16.94 
1.30 43.71 

. 82 
.04 7.73 

1.29 e 0 4  
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APPENDIX A 

(cont i nued) 

Geographic D is t r i bu t i on  of  Indiv idual  Industry Expenditure 

95.09 4.97 9.72 100.0 

.r4 

0 20 
58 

63 43 9 67 5.15 
14.26 
33.01 

2.13 47.54 2-47 
30 7.09 2.07 

North Carolina 
Pennsylvania 65 .26 
Ohio 
Ontario 
Oregon 
Rhode I s  land 2.23 

Washington 
Georg I a 
Oklahoma 

Texas 07 90.29 

.40 
2.68 

0 12 
84.14 J O  i24.64 

3.44 27 

52 . 22 
.84 

1.16 

36.28 .06 . 40 
22.06 

I .a8 

1.64 001 

-74 62.18 .OS 
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APPENDIX A 

(con t i nued) 

Geographic D is t r i bu t i on  'b'f' lndividua'l Indust'iy ES&n&.ture 

999 - 89 1 - 739 - 
Alabama 
A r  i zona 
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F lor ida 
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APPElBDlX 6 

Percentage of 
Gemini Subcontracts Located Within 
The St. Louis Economic Region 

Descr i pt ion 

Ordnance and Accessor I es 
Miscellaneous Textile Goods 
Industrial Chemicals 
Fibers, Plast i cs and Rubbers 
Drugs, Medicinal Chemicals 
Paints and Varnishes 
Miscellaneous Chemicals 
Fabricated Rubber Products 
Mi scel laneous Plastic Products 
Glass and Glassware 
Glass Products (made of Purchased Glass) 
Concrete, Gypsum, Plaster 
Miscellaneous Non-Metallic Minerals 
Steel Mills 
Nonferrous Rolling and Drawing 
Miscellaneous Primary Metals 
Hand Tools, Hardware 
Fabricated Structual Metal Products 
Screw Machine Products 
Metal Stampings 
Fabricated Wire Products 
Miscellaneous Fabricated Metal Products 
Metal Working Machinery 
General Industrial Equipment 
Computing Machines 
Service Machinery 
Miscellaneous Machinery, Machine Shops 

Located Within Located Out- 

of S t .  Louis Rea on 
500 Miles side St. Louis 

1-..11 ........ 
70.4 

....I.. 

-.I-.. 

53 36 
95.6 

55.2 
-00.. 

---- 
IO.. 

100.0 
12.2 
48.1 
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-I.... 

-...I -..-.. 
-00.. 
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Radio G T.V. Receiving Sets 
C m n  I cation Equ I pment 
Electronic Components & Accessories 
Miscellaneous Electric Machinery & 
Suppl ies 
Motor Vehicles I; Equipment 
Aircraft c Parts 
Scientific & Laboratory Equipment 
Measuring & lndicatlng Instruments 
Optical Equipment & Lens 
Photographic Equipment 6 Supplies 
Bus i ness Serv f ces (R&D) 
Engineering & Architectural Services 
Unallocated Manufacturing & 
Servlce Subcontracts 

3.3 
12.9 
02 

2.5 
47.3 
79.3 

95.4 
6.2 
.8 

22.1 

rirr 

- 0 - m  

---I 

I-.. 

.....I 

60.5 

100.0 
100.0 
29.6 
100.0 
100.0 
46.64 
4.3 

100.0 
44.72 
100.0 
100.0 

87.8 
-..-- 
51.9 

7.2 
100.0 
13.6 
83.2 
100.0 
100.0 
100.0 
11.5 
34.7 
41.3 
77.6 
98.6 
96.8 
87.1 
99.8 
97.5 
52.7 
20.7 

4.6 
93.8 
99- 2 
77.9 
100.0 
100.0 
100.0 
100.0 

15.0 

100.0 

39.6 
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